Documenting plant diversity: unfinished business
In 2003 we celebrated two great anniversaries in the history of biology: 50 years since the elucidation of the structure of DNA by Watson and Crick, and 250 years since the publication of Species plantarum by Linnaeus, the key first attempt to document, on a global scale, the diversity of plant life. In 50 years, DNA-based science has moved with extraordinary speed to give us near complete genome sequences for two plant species (Arabidopsis thaliana completed and Oryza sativa near completion), and to facilitate many other fundamental advances in plant sciences. Similarly, the exploration of global plant diversity has made great progress towards documenting most species on the planet, and the economic benefits of this have been enormous. Linnaeus concluded that 'the number of plants in the whole world is much less than commonly believed, I ascertained by fairly safe calculation…it hardly reaches 10 000' (Linnaeus 1753, p. 4) . The most recent estimates, crude as they are, place the total number of plant species at ca. 420 000 (Govaerts 2001; Bramwell 2002) . But despite evident progress with both the exploration of plant genomes and the exploration of plant diversity, there is still much to be done. In both areas of our science, further basic underpinning documentation is fundamental to our ability to make progress in the future.
At the Sixth Conference of the Parties to the Convention on Biological Diversity held in the Hague in April 2002 (Decision VI/9), the more than 180 countries that are signatories to the Convention adopted the Global Strategy for Plant Conservation (GSPC) as a pilot project for setting time-bound, outcome-orientated targets. The strategy includes 16 specific targets under five broad headings (table 1) to be completed by 2010. The first and most fundamental objective is to 'develop a widely accessible working list of known plant species, as a step towards a complete world flora'. Without this list many of the other objectives in the GSPC cannot be met, and more broadly, in botanical science as a whole, our ability to communicate about plants on a global basis will be compromised. Providing such a list has been the basic task of alpha-level systematics for 250 years. Why has it not been completed?
Many distractions and impediments have contributed to the failure to develop a complete checklist of all the world's known plant species, but especially critical has been the difficulty of recognizing the 'true' species from among the much larger list of biological entities that have been described as species through the history of biology. There is also the problem that we are uncertain about what proportion the 'known plant species' represent of total global plant diversity. Genuinely new plant species continue to be discovered.
It is clear that the greatest diversity of life is concentrated in the tropics. This is also where the greatest challenges lie in terms of documenting of the world's plants. In these areas, new plant species are still being described at a surprisingly high rate. Experience suggests that about 1 in 100 of all plant specimens collected from previously unexplored, or poorly explored, parts of the tropics are new to science (Prance & Campbell 1988) .
At a global level, records kept at Kew since 1988 suggest that approximately 2000 plant species every year are believed by their authors to be genuinely new to science (E. Nic Lughadha, personal communication). In 1770 when Sir Joseph Banks, a previous President of The Royal Society, first encountered Australia he brought back specimens of 110 new genera and 1300 new species (White 1772) . There is nowhere in the world today where such a haul of plant novelties could be collected with a similar investment of effort. Nevertheless the limits to current knowledge are very clear. Even in the 1990s, just 150 km from the centre of Sydney, it was possible to find a new genus and species of conifer (Wollemia nobilis) in a wellunderstood family of trees that was previously thought to contain just two genera ( Jones et al. 1995) .
If ca. 2000 plant species are described every year-and believed to be genuinely new by their authors-an important question is: how many of them will survive the detailed scrutiny of monographic revision? The starting point for such revisionary work is a list of all the species names ever published in the group of interest, and in botany we are fortunate that such a list exists and is well maintained (Nic Lughadha 2004) . However, to arrive at a working list of the world's plant species, the next step and a key problem is how to detect synonymy. This is one of the objectives of a good monograph but can also be accomplished more quickly, at least to a first approximation, through efforts to develop synonymized checklists (e.g. Frodin & Govaerts 1996) . These efforts, initiated at Kew, began with some small and relatively tractable families, such as Magnoliaceae (Frodin & Govaerts 1996) , but have now been extended to cover several much larger groups, such as Euphorbiaceae. Together these efforts at synthesis are beginning to cover a significant proportion of plant diversity (Govaerts 2001) .
The main problem with the global plant checklists currently being produced is that they are simply that: static lists. There is no mechanism to keep them up-to-date. The complete list of names is kept up-to-date through the commitment of Kew to Index Kewensis and its successors. But a similar commitment to maintain a checklist of species would be a more complex and therefore a more arduous task. It is not simply a job of compilation. It unfortunately requires the exercise of taxonomic judgement at two levels: judgement about the inclusiveness of particular species concepts, and judgement about generic assignments. In hindsight it is unfortunate that Linnaeus' 4. promoting articulate the importance of plant xiv. the importance of plant diversity and the need for its education and diversity, the goods and services that conservation incorporated into communication, educational awareness it provides, and the need for its and public-awareness programmes; about plant conservation and sustainable use, in diversity order to mobilize popular and political support for its conservation and sustainable use;
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Against this background, what are the prospects of significantly improving our knowledge of plant diversity and Phil. Trans. R. Soc. Lond. B (2004) also of meeting target 1 of the GSPC before 2010? For the discovery of genuinely new plant species, one limiting factor is the capacity to undertake fieldwork, which is limited by time, money, ease of access and an array of other concerns ranging from safety of travel in particular parts of the world to political or policy constraints on issuing collecting permits. But more generally, in my judgement, both for the description of new species and attempts to ease the process of judging synonymy, there are two preeminent limiting factors: (i) the availability of suitable specialists to undertake the work; and (ii) the difficulties of comparing specimens of putatively new species with welldetermined specimens of previously described species, especially their types.
These problems suggest two key priorities for the future. First, it will be important to continue and intensify existing efforts towards building capacity in tropical countries where plant diversity is high but the number of trained plant systematists is often low. Such efforts would also allow for an increase in the time and effort that could potentially be directed to fieldwork and to the discovery of new plants. Second, the best way to facilitate rapid comparison of newly collected specimens with previously described species is to make representative material, and especially type specimens, more easily and more widely available in digital form. We already have an electronically accessible global list of all 960 000 plant names at the species level. This now needs to be supplemented with images of the specimens that are the basis for those names. For historical reasons most of these types are in the herbaria of Europe and North America.
Delivering 'a widely accessible working list of known plant species, as a step towards a complete world flora' by 2010 will be a significant challenge, but it is not a task of impossible scale or great inherent complexity. Certainly, it will require additional resources, but perhaps even more importantly it will require an unprecedented level of communication, collaboration and coordination among the global community of systematic botanists. Systematists will need to be more systematic. It will also demand a disciplined and concerted effort to balance the investment of scientific resources among different themes within plant diversity research. On the one hand plant systematics must be an interesting and valuable science in its own right. But on the other hand it must also deliver the straightforward, utilitarian and reasonably stable classification that the Phil. Trans. R. Soc. Lond. B (2004) world needs. Referring to a bequest made to one of my predecessors, in a letter to the executors of his will, Charles Darwin wrote of his desire to provide financial support 'for the formation of a perfect M.S. catalogue of all known plants' (Darwin 1881, letter 13570) . It is a personal embarrassment to me, and should be chastening to us all, that more than 120 years later we still have not delivered on that commitment. Peter R. Crane Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AB, UK
